abstract
Albeit multifactorial, patient satisfaction is predominantly driven by postoperative pain and function. Unfortunately, approximately 20% of total knee arthroplasty (TKA) recipients are dissatisfied with the outcome of their surgery. Objective balancing of the soft tissue envelope may contribute to significant decrease in pain and increase in function when compared with traditional subjective methods. In an effort to confirm this, a cohort of manual TKA patient outcomes was compared with sensor-assisted TKA outcomes. One hundred fourteen patients (57 manual, 57 sensor assisted) received primary TKA. Both cohorts were matched for confounding variables. The dependent variables in this study were 6-month patient-reported outcome measures, including Knee Society Score and Oxford Knee Score. The range of motion and incidence of arthrofibrosis were also captured for both cohorts. The rate of improvement of all patient-reported outcome scores and subscores and range of motion was significantly higher in the sensor-assisted cohort. The rate of arthrofibrosis was lower in the sensor-assisted cohort but not statistically significant. The authors rejected the null hypothesis and concluded that the rate of improvement in objective, patient-reported outcome measures was higher in the sensor-assisted cohort than the manual cohort from preoperatively to 6 months postoperatively. [Orthopedics. 2017; 40(4):e648-e651.] come scores between sensor-assisted and manual TKA.
Materials and Methods

Patients
A retrospective evaluation was conducted of a group of 114 patients with primary, cruciate-retaining TKA (patella resurfaced in all cases). The patient group was split into 2 cohorts: 57 patients with sensor-assisted TKA and 57 patients with manual TKA. All procedures were performed by the same surgeon (J.C.C.) between May 2015 and March 2016. To reduce confounding variables, all patients were matched for age, sex, body mass index, marital status, smoking proclivity, preoperative range of motion (ROM), preoperative alignment, and employment status. Incidence of postoperative complications, in both cohorts, was also captured. All patients in this study were part of an institutional review board-approved data registry protocol and as such, were consented appropriately.
Dependent Variables
Outcome scores were captured preoperatively and 6 months postoperatively, including Knee Society Score and Oxford Knee Score. Six-month ROM was also captured. These metrics were chosen because of their full encapsulation of patient pain and function. Although not the focus of this analysis, the incidence of arthrofibrosis, and any subsequent manipulation under anesthesia event, was also documented.
Sensor
The sensor device used in this analysis is inserted into the tibial component during the trialing phase of surgery and displays real-time loading values in the medial and lateral compartments (lbf). It also displays the medial and lateral center of load location. It matches the geometry of the standard tibial inserts of the knee system used. The design of the sensor is wireless, and thus allows closure of the joint capsule during ROM evaluations. In the sensor-assisted TKA cohort, numerical balance was achieved for all patients, as previously described in the literature (mediolateral differential <15 lbf; stable results on posterior drawer test).
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Surgical Protocol
Except for the use of the sensor-based smart trial, all TKAs were performed in the same manner. The sensor was introduced after gross balancing in an effort to either confirm or fine-tune the end result. The authors' standard technique follows.
All total knee replacements were performed using a cemented cruciate-retaining design (JOURNEY II CR; Smith & Nephew, Andover, Massachusetts). Minimal tourniquet was used, inflating it only for cementation of components with an average tourniquet time of 20 minutes. A mini-midvastus approach was used without everting the patella.
In all cases, a magnetic resonance imaging-based, prenavigated custom alignment guide system (VISIONAIRE; Smith & Nephew) was used for only coronal alignment, establishing the distal femoral and proximal tibial cuts. At this time, the extension gap was balanced with appropriate soft tissue or reduction-osteotomy techniques. Following this, femoral rotation and cuts were established using a gap-balancing technique. The gap at 90° of flexion was made with axial tension across the joint to allow for appropriate flexion-extension balance, and the femoral 5-in-1 cutting block was placed in rotation to minimize necessary soft tissue releases in flexion.
Once the distal femur was prepared, trial implants were placed and the knee was taken through stability and ROM testing. The femur and patella preparations were then finalized.
For the control group, the tourniquet was inflated, local cocktail was injected, and implants were cemented using a thirdgeneration cement technique.
For the experimental group, the sensor smart trial was introduced. Fine-tuning consisted of minor adjustments in soft tissue release and tibial cut for slope and resection level until optimal pressures were measured by the sensor smart trial. Like the control group, the tourniquet was inflated, cocktail was injected, and implants were cemented with a third-generation cement technique. Prior to final tibial polyethylene insertion, the sensor smart trial was reinserted to confirm the accuracy of cementation and the thickness of the final polyethylene.
In all cases, the cement was allowed to harden and the tourniquet was deflated prior to closure with absorbable suture. Occlusive antimicrobial dressing was placed in sterile fashion. No drains were used.
Statistics
All statistics were performed by a third party using SPSS statistical software (IBM, Armonk, New York). The null hypothesis was evaluated via the rate of change in outcome scores from preoperatively to 6 months postoperatively using independent samples t tests. The rationale for using rate of change in outcome measures, rather than the absolute scores at 6 months, was to avoid comparing cohorts of patients with drastically different preoperative levels of pain and function, which may lead to artificially higher or lower interpretations of patients' postoperative results. The α value used to evaluate significance was preemptively set at 0.05. The minimum statistical power accepted, as determined by (1-ß), was 0.8.
results
The following demographic variables exhibited no significant differences between the sensor-assisted and manual cohorts: age, body mass index, sex, ROM, preoperative alignment, marital status, employment status, and smoking ( Table  1) . Postoperative complications included pain control issues, bleeding issues, nausea, kidney function issues, cardiac issues, reactive leukocytosis, dyskinesia, and transient hypotension. None of the postoperative complications, in either cohort, were related to knee instability or unanticipated limits to ROM.
There was a statistically significant rate of improvement for all outcome measures in the sensor-assisted TKA cohort when compared with the manual cohort ( Table 2 ). The post hoc power analysis exhibited a power value of 0.913. As such, the authors rejected the null hypothesis and concluded that the rate of clinical improvement was higher in the sensorassisted cohort than the manual cohort, as captured by patient-reported outcome scores (with a low risk of making a type I error). In addition to rate of improvement in outcome scores, there was also a significant trend in the sensor-assisted cohort toward increased ROM, as a stand-alone dependent variable (P=.002). The reported change in outcomes indicates "clinical success," in both cohorts, regarding Knee Society Scores. 9 Additionally, the incidence of manipulation under anesthesia was lower in the sensor-assisted cohort (1.8%) vs the manual cohort (5.3%), although the observed difference was not significant (P=.307). All sensor-assisted knees achieved quantified balance (Figure) . discussion By the 6-month follow-up, the patients who received a sensor-assisted TKA reported greater improvement in function and less pain than the patients in the manual TKA cohort ( Table 2 ). These data suggest that appropriate management of soft tissue is important to early postoperative outcomes. Furthermore, the data from this study are in agreement with a previous analysis of 6-month clinical outcomes in a cohort of sensor-assisted patients. 8 The current study extends the research design of the Gustke et al 8 analysis by including a non-sensor-assisted control group.
In a clinical study by Williams et al, 10 it was found that poor early clinical outcomes were associated with dissatisfaction at 1 year. Lošťák et al 11 showed that greater function was associated with significantly higher satisfaction levels in a group of 826 patients. Furthermore, a study by Hamilton et al 12 showed that favorable Oxford Knee Scores were statistically associated with higher postoperative satisfaction (odds ratio, 1.04). These studies may corroborate the theory that decreased pain and increased function are correlated with increased satisfaction levels. As such, the sensor-assisted patient cohort examined in the current study may exhibit increased satisfaction at long-term follow-up intervals, which would be consistent with previous reports. 3 There were limitations to this study. First, although great diligence was taken to standardize the patient cohorts for prominent confounding variables, a randomized sampling of data would have been preferred. Second, early outcomes are shown to be associated with long-term outcomes; therefore, the authors chose to capture 6-month data. However, long-term data need to be captured to confirm what has been theorized in this article. Finally, the study sample (N=114) was relatively small, albeit statistically relevant for the tests executed. Power analysis exhibited less than 8% risk for making a type I error in assuming statistical relevance.
conclusion
Use of objective data provided by sensorized tibial trials allowed for more effective soft tissue management in the TKAs performed. This management likely contributed to the trend toward greater function and decreased pain at early follow-up in the sensor-assisted cohort. Smart tools may provide the surgeon with the feedback necessary to make more informed choices, which contributes to more optimal reconstruction of the knee joint and may increase long-term patient satisfaction.
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